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(54) MANUFACTURE OF CERAMIC GREEN SHEET AND LAMINATED CERAMIC BODY 
(57)Abstract: 

PURPOSE: To obtain a manufacture of a ceramic green sheet being superior in surface smoothness and excellent 
in adhesion and a manufacture of a laminated ceramic body being free from delamination. 
CONSTITUTION: A ceramic green sheet being superior in surface smoothness is obtained by mixing ceramic 
powder, an aqueous binder, an aqueous plasticizer. a surfactant water, etc. In order to improve the plasticity of the 
ceramic green sheet and to increase the adhesion thereof, the binder of which the content of a hydroxyl group is 
50 to 70mol% is used In order to increase the adhesion, moreover, water-soluble amine having a large plasticizing 
capacity for polyvinyl butyral is used as the plasticizer. The green sheet thus obtained is laminated with an 
electrode under the press conditions of 50 to 500kg/cm2 and 50 to 120** C and then cut and baked. Thereby a 
laminated ceramic molded body being free from delamination is obtained 
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(54) MANUFACTURE OF CERAMIC GREEN SHEET AND LAMINATED CERAMIC BODY 

(57)Abstract: 

PURPOSE: To obtain a manufacture of a ceramic green sheet being superior in surface smoothness and 
excellent in adhesion and a manufacture of a laminated ceramic body being free from delamination. 
CONSTITUTION: A ceramic green sheet being superior in surface smoothness is obtained by mixing 
ceramic powder, an aqueous binder, an aqueous plasticizer, a surfactant, water, etc. In order to improve 
the plasticity of the ceramic green sheet and to increase the adhesion thereof, the binder of which the 
content of a hydroxyl group is 50 to 70mol% is used. In order to increase the adhesion, moreover, water- 
soluble amine having a large plasticizing capacity for polyvinyl butyral is used as the plasticizer. The green 
sheet thus obtained is laminated with an electrode under the press conditions of 50 to 500kg/cm2 and 50 
to 1 20^C and then cut and baked. Thereby a laminated ceramic molded body being free from delamination 
is obtained. 
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* NOTICES * 

JPO and NCZPZ are not responsible £or any 
damages caused by tbe use of t:bis translation. 

1 .This docximent has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufactvire approach of the ceramic green sheet characterized by an aquosity binder being a 
water-soluble poljmnyl acetal in the ceramic green sheet which casts the ceramic slurry which made the 
main constituent ceramic powder, an aquosity binder, an aquosity plasticizer, and water in the shape of a 
sheet, and is obtained by drying. 

[Claim 2] The manufacture approach of the ceramic green sheet according to claim 1 characterized by the 
content of the hydroxyl group in 1 molecule of a water-soluble polyvinyl acetal being less than [ more than 
50mol%75mol% ]. 

[Claim 3] The manufacture approach of the ceramic green sheet according to claim 1 or 2 characterized by 
aquosity plasticizers being water-soluble amines. 

[Claim 4] The ceramic green sheet obtained by either of claims 1-3 using the manufacture approach of a 
publication is used, it and an electrode layer are set on the laminating ceramic molding object which cuts 
and calcinates behind a laminating by tums and is acquired, and the press conditions at the time of a 
laminating are 50kg/cm2 or more 500kg/cm2. The manufacture approach of the laminating ceramic molding 
object hereafter characterized by 50-degree-C or more being 120 degrees C or less. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of the ceramic green sheet used 
for the various laminating ceramic molding objects used in order to form circuits, such as electronic 
equipment, and manufacture of those. 
[0002] 

[Description of the Prior Art] the ceramic slurry which the so-called ceramic green sheet dissolved binders, 
such as a polyvinyl butyral, in the organic solvent until now, and mixed ceramic powder to this — producing 
— this ceramic slurry ~ the various casting approaches — the shape of a sheet — molding — stoving is carried 
out and it is producing. In this way, the obtained ceramic green sheet is accumulated an electrode and by 
turns, it is made a multilayer Green molding object, and the laminating ceramic molding object is 
manufactured through cutting, a baking process, etc. However, since the organic solvent used by the 
manufacture approach of the conventional ceramic green sheet has danger, such as damage body sanitary 
[ at the time of an activity ], and explosion accident, and a problem of environmental destruction further, an 
organic solvent is not used but the manufacture approach of the ceramic green sheet through water is 
proposed in recent years. 

[0003] As an aquosity binder used for the ceramic green sheet generally produced from the ceramic slxirry 
through water, the binder aqueous type [, such as a binder or polyacrylic acid emulsion type /, such as 
polyvinyl acetate, /, and a polyvinyl acetal, ] is known. 
[0004] 

[Problem(s) to be Solved by the Invention] However, although the above-mentioned evil to which the 
ceramic green sheet produced with the aquosity binder mentioned above accompanies use of an organic 
solvent has been eliminated, ceramic powder tended to form floe in the ceramic slurry, and the trouble that 
the dispersibility of a ceramic slurry and a fluidity were missing was left behind. 
[0005] Also in an aquosity binder, this self is stabilizing the binder emulsion type [, such as polyvinyl 
acetate, ] with ion nature powder, and it serves as structure with this unstable in a ceramic slvirry. Moreover, 
water-soluble polyacrylic acid has the structure of having many ionicity functional groups, in order to make 
it easy to dissolve in water. For this reason, in a ceramic slurry, the adsorption power over a ceramic powder 
front face becomes large, and gelation is caused depending on the class of oxide which is the raw material of 
ceramic powder, 

[0006] Moreover, in order that a laminating type ceramic molding object may pile up a ceramic green sheet 
and an electrode, the adhesive strength between layers is needed. The adhesive strength of a green sheet 
participates in the class of functional group of a binder, a presentation ratio, and the class and compounding 
ratio of a plasticizer greatly. Since the intramolecular of a binder and intermolecular association increase so 
that the solubility over water is so low that the presentation ratio of the hydroxyl group of the polyvinyl 
acetal which is a binder is small and it is large, a binder becomes hard. 

[0007] Although polyhydric alcohol, such as a glycerol and a diethylene glycol, is widely used as an 
aquosity plasticizer, since this plasticizer has a hydroxyl group, hydrogen bond of it is carried out to the 
poljrvinyl acetal which is a binder. Therefore, since plasticity is missing, even if the ceramic green sheet 
obtained using these changes the pressure and temperature conditions at the time of the laminating at the 
time of producing a laminating ceramic molding object, between ceramic green sheets, a ceramic green 
sheet, and its inter-electrode adhesive strength are inadequate, and it tends to produce interlaminar peeling at 
the time of cutting and baking. 

[0008] Thus, it had the technical problem that there were few stable aquosity binders for casting a ceramic 
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green sheet, and a laminating ceramic molding object without a homogeneous ceramic green sheet and 
homogeneous interlaminar peeling was hard to be acquired. 

[0009] This invention is made in view of such a conventional problem, and an organic solvent is not used, 
but a ceramic slurry is produced using an aquosity binder, and it aims at offering the manufacture approach 
of a homogeneous ceramic green sheet and a laminating ceramic molding object without interlaminar 
peeling. 
[0010] 

[Means for Solving the Problem] It is the manufacture approach of the ceramic green sheet which invention 
of claim 1 of this application casts the ceramic slurry which made the main constituent ceramic powder, an 
aquosity binder, an aquosity plasticizer, and water in the shape of a sheet in order to attain the above- 
mentioned purpose, and is obtained by drying, and is characterized by an aquosity binder being a water- 
soluble polyvinyl acetal. 

[001 1] Invention of claim 2 of this application is the manufacture approach of a ceramic green sheet 
according to claim 1, and it is characterized by the content of the hydroxyl group in 1 molecule of a water- 
soluble polyvinyl acetal being less than [ more than 50mol%75mol% ]. 

[0012] Invention of claim 3 of this application is the manufacture approach of a ceramic green sheet 
according to claim 1 or 2, and it is characterized by aquosity plasticizers being water-soluble amines. 
[0013] Invention of claim 4 of this application is the manufacture approach of the laminating ceramic 
molding object which uses the ceramic green sheet obtained by either of claims 1-3 using the manufacture 
approach of a publication, cuts it and an electrode layer behind a laminating by tums, calcinates, and is 
acquired, and the press conditions at the time of a laminating are 50kg/cm2 or more 500kg/cm2. It is 
hereafter characterized by 50-degree-C or more being 120 degrees C or less. 
[0014] 

[Function] Therefore, according to the configuration of this invention, by using the polyvinyl acetal which is 
a water-soluble binder without the ionicity functional group which triggers the ceramic powder fi-ont face 
which presents strong-base nature, and a reaction, the distributed stability of a ceramic slurry can improve 
and the ceramic green sheet excellent in surface smooth nature can be obtained. In order to make it dissolve 
in water, its rate that the hydroxyl group in 1 molecule occupies is very high compared with an organic 
solvent system polyvinyl acetal, in order that the hydroxyl group may carry out hydrogen bond of the water- 
soluble, fiirther nonionic polyvinyl acetal to the surface water acid radical of ceramic powder, or the own 
hydroxyl group of a binder, its ceramic green sheet is hard, and between ceramic green sheets and a ceramic 
green sheet, and its inter-electrode adhesive strength are low. Therefore, a laminating ceramic molding 
object without interlaminar peeling can be acquired by making content of the hydroxyl group in the 
configuration functional group of a polyvinyl acetal into less than [ more than 50mol%75mol% ]. 
Furthermore, since the plasticity of a green sheet improves and adhesive strength increases by making a 
plasticizer into amines, a more homogeneous ceramic molding object is acquired. 
[0015] 
[Example] 

(Example 1) The manufacture approach of the ceramic green sheet in the 1st example of this invention is 
explained hereafter. Glycerol 5g, O.lg of polyacrylic acid system dispersants, O.lg of defoaming agents, and 
50g of water were mixed, respectively as various aquosity binder lOg shown in lOOg of bariimi titanate 
powder as ceramic powder in (Table 1), and an aquosity plasticizer, ball mill mixing was performed for 48 
hours, and what was obtained was made into the ceramic slurry. 
[0016] 
[Table 1] 
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[0017] As evaluation of the produced ceramic slurry, the slurry was measured in the Brookfield viscometer 
and slurry viscosity was measured at the rotational frequency of 12rpm. Moreover, the 10-micrometer green 
sheet was produced, this front face was observed with the optical microscope, and the existence of floe was 
checked. The result is shown according to (Table 1). 

[0018] It tums out that a reaction will not occur between a binder and ceramic powder by producing a slurry 
by the water-soluble polyvinyl acetal from now on so that clearly, but the surface smooth nature of the 
ceramic green sheet produced using ceramic slurry ****** and this excellent in distributed stability 
improves. 

[0019] Thus, according to this example, it became clear that the surface smooth nature of the ceramic green 
sheet produced by using a water-soluble polyvinyl acetal for an aquosity binder was stabilized, and it 
became good. 

[0020] (Example 2) The manufacture approach of the ceramic green sheet in the 2nd example of this 
invention is explained below. First, the solubility over the water of the various, water-soluble polyvinyl 
acetals which were shown in (Table 2) and to be used W£is investigated. 
[0021] 
[Table 2] 
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[0022] These water solutions were fabricated in the shape of a film on the glass plate, and the situation of 
nebula of the dry film was performed visually. 

[0023] Next, what mixed 5g, O.lg of polyacrylic acid system dispersants, O.lg of defoaming agents, and 50g 
of water for the glycerol as lOg, lOOg of barium titanate powder, and a plasticizer, respectively, and was 
obtained by ball mill mixing for 48 hours in seven kinds of polyvinyl acetals which dissolved in water in 
(Table 2) was made into the ceramic slurry. This ceramic slurry was dried for 5 minutes at 100 degrees C 
after fabricating in the shape of a sheet with the doctor blade method on the polyethylene terephthalate 
(henceforth, PET) film which performed silicon system mold release processing, and the ceramic green 
sheet with a thickness of about 20 micrometers was produced. The produced ceramic green sheet was 
exfoliated fi-om the PET film, and the 50-layer laminating of an electrode and the ceramic green sheet was 
carried out by turns, the press conditions at the time of the laminating at this time ~ the temperature of 100 
degrees C, and pressure of 100kg/cm2 it was . Next, the ceramic green sheet which carried out the 
laminating was cut for every block, and the laminating ceramic Green chip was obtained. The cutting plane 
of a laminating ceramic Green chip was observed with the stereoscopic microscope, and it considered as 
evaluation of a binder with the solubility of the probability of occurrence of the interlaminar peeling, and the 
above-mentioned polyvinyl acetal. The result is shown according to (Table 2). However, the number of 
samples for evaluation of interlaminar peeling was 100. 

[0024] Although are not indicated here and effect is done to interlaminar peeling a little also with the 
loadings of the binder to ceramic powder, and a plEisticizer, the effectiveness which was excellent between 
ceramic green sheets and in respect of improvement in a ceramic green sheet and inter-electrode adhesive 
strength is acquired by making the content of the hydroxyl group in 1 molecule of a water-soluble polyvinyl 
acetal into less than [ 75mol% ] so that clearly fi-om this (Table 2). However, if the content of the hydroxyl 
group in 1 molecule of a water-soluble polyvinyl acetal is less than [ 75mol% ], the same effectiveness can 
be acquired, but since adsorption power with ceramic powder becomes small so that the content of a 
hydroxyl group is small, the adhesive strength of a ceramic green sheet improves corresponding to this. 
[0025] Thus, according to this example, it became clear that a homogeneous laminating ceramic molding 
object without interlaminar peeling could be acquired by using the ceramic green sheet which the content of 
the hydroxyl group in 1 molecule produced by the water-soluble polyvinyl acetal not more than more than 
50mol%75mol%. 

[0026] (Example 3) The manufacture approach of the ceramic green sheet in the 3rd example of this 
invention is explained below. The various, water-soluble plasticizers shown in lOOg of barium titanate 
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powder in (Table 3) as water-soluble polyvinyl-acetal lOg which is a binder, O.lg of polyacrylic acid system 
dispersants, O.lg of defoaming agents, and 50g of water and a plasticizer were mixed, respectively, and what 
was obtained by ball mill mixing for 48 hours was made into the ceramic slurry. 
[0027] 
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[0028] This ceramic slurry was dried for 5 minutes at 1 00 degrees C after fabricating in the shape of a sheet 
with the doctor blade method on the PET film, and the ceramic green sheet with a thickness of about 20 
micrometers was produced. It exfoliated fi-om the PET film and the laminating of the produced ceramic 
green sheet was carried out to the electrode by tums. the press conditions at the time of the laminating at this 
time — the temperature of 100 degrees C, and pressure of 100kg/cm2 it was . Next, this ceramic Green 
layered product was cut and calcinated, and the laminating ceramic Plastic solid was acquired. The buming 
temperature at this time was 1350 degrees C. The cutting plane after cutting of the ceramic Green chip 
which carried out the laminating, and the cross section of the calcinated laminating ceramic Plastic solid 
were observed, and it considered as evaluation with the probability of occurrence of the interlaminar 
peeling. The result is shown according to (Table 3). However, the number of samples was 100. 
[0029] this (Table 3) — fi-om — although effect is done to interlaminar peeling a little also with the loadings 
of a plasticizer so that clearly, the effectiveness which was excellent between ceramic green sheets and in 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



9/28/2005 



JP,07-099132,A [DETAILED DESCRIPTION] 



Page 6 of 7 



respect of improvement in a ceramic green sheet and inter-electrode adhesive strength is acquired by making 
a plasticizer into amines. Moreover, if plasticizers are amines, the same effectiveness can be acquired 
altogether, but since the adsorption power of a polarity, i.e., ceramic powder, becomes large at the order of 
the 1st class amine, secondary amine, and tertiary amine, the adhesive strength of a ceramic green sheet 
improves corresponding to this. 

[0030] Thus, according to this example, it became clear that a homogeneoiis laminating ceramic Plastic 
solid without interlaminar peeling could be acquired by using the ceramic green sheet produced with the 
water-soluble polyvinyl acetal and the amine system plasticizer, 

[0031] (Example 4) Next, the manufacture approach of the laminating ceramic molding object in the 4th 
example of this invention is explained. The laminating ceramic Green chip was produced by the same 
approach as an example 3 by using a glycerol as a plasticizer, having used as the binder the 28 mol % and 
12 mol [ of acetyl groups ] water solubility polyvinyl acetal of 60 mol % and acetal radicals of hydroxyl 
groups which is %. The press conditions at the time of the laminating at this time are shown in (Table 4). 
0032] 
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(kg/cm") 




40 


50 


120 


130 






m 




m 




M 




40 


90 




45 




30 




25 




50 


90 




5 


5 


5 


3 


10 


10 


200 


80 




3 


4 


1 


1 


5 


15 


400 


75 




2 


3 


0 


0 


0 


15 


500 


75 




0 


0 


0 


1 


0 


20 


600 


75 




0 


12 


0 


15 


0 


20 



[0033] Interlaminar peeling of the laminating ceramic molding object which carried out the laminating and 
which was calcinated [ which calcinated and ceramic-Green-tipped ] was investigated. This result is shown 
in (Table 4). 

[0034] this (Table 4) ~ from — the adhesive strength of a green sheet was so large that the temperature and 
the pressure of press conditions were large, and although there was little interlaminar peeling in the Green 
chip, there was much interlaminar peeling after baking. It tumed out that interlaminar peeling becomes easy 
to generate it since a debinder and the stress applied at the time of baking become large since it fills up with 
the ceramic powder in the Green chip densely as for this. Moreover, when amines are used for a plasticizer, 
it cannot be overemphasized that a better result is obtained. 

[0035] Although the content of the hydroxyl group in 1 molecule used the 60-mol thing it is [ thing ] % as 
an aquosity binder in this example, the same effectiveness will be acquired if the content of a hydroxyl 
group is within the limits of more than 50mol%70mol% less than. 

[0036] thus, the ceramic green sheet with which the content of the hydroxyl group in 1 molecule used the 
water-soluble polyvinyl acetal not more than more than 50mol%75mol% as the binder according to this 
example — 50kg/cm2 or more 500kg/cm2 press conditions (the following and 50 degrees C or more 120 
degrees C or less) — after a laminating — de— a laminating ceramic molding object without interlaminar 
peeling can be acquired by BAI and calcinating. 

[0037] In addition, although the ceramic powder used in order to manufacture a ceramic green sheet and a 
laminating ceramic molding object in the above-mentioned examples 1 -4 indicated only barixim titanate, if it 
is the ingredient which can be used as green sheets, such as titanium oxide, titanic-acid lead zirconate, 
strontium titanate, and titanic-acid magnesium, the effectiveness that other ceramic powder is the same is 
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acquired, and it can be chosen according to a use application or the purpose. As for examples 2-4, big 
effectiveness is especially acquired to the charge of a laminated wood. Moreover, the molding approach of a 
ceramic green sheet will not be specified especially if it can do in the shape of [ uniform ] a sheet. Although 
thickness was set to 20 micrometers, it cannot be overemphasized that it can be adapted from 1 micrometer 
to 100 micrometers. 
[0038] 

[Effect of the Invention] according to this invention as mentioned above — sheet molding — service water ~ 
by producing a ceramic slurry using a water-soluble polyvinyl acetal as a sex binder, the dispersibility of a 
ceramic slurry and a fluidity can improve and the ceramic green sheet excellent in surface smooth nature can 
be obtained. Moreover, the content of the hydroxyl group in 1 molecule produces a ceramic green sheet 
using the polyvinyl acetal which is less than [ more than 50mol%75mol% ]. Furthermore, a green sheet is 
produced combining water-soluble amines to a polyvinyl acetal to an aquosity plasticizer. If it carries out 
like this, the adhesive strength of a green sheet will improve, and it is 50kg/cm2 or more 500kg/cm2. The 
effectiveness that the laminating ceramic molding object which does not have interlaminar peeling hereafter 
by carrying out a laminating to an electrode on 50-degree-C or more press conditions 120 degrees C or less 
can be acquired is acquired. 



[Translation done.] 
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